Background: Cardiothoracic surgery is a common cause of acute respiratory failure and is associated with increased morbidity and mortality. We aimed to compare the outcomes of open heart surgery patients treated using oxygen delivery devices with patients who receive NIV as a first-line therapy for hypoxemic respiratory failure. Materials and Methods: 40 patients who developed acute hypoxemic respiratory failure after open heart surgery and admitted to cardiothoracic ICU 20 patients received NIV and 20 patient received oxygen by venture mask. For all patients the following measurements were performed before and after CPAP AND Venture use: CBC, blood urea, serum creatinine body temperature, chest X-ray, Arterial blood gases (arterial pH, sodium bicarbonate, pcO 2 , SpO 2 and PaO 2 -to-FiO 2 ratio). Results: Mean PO 2 and SO 2 have increased after using of both venture and Cpap, increase in both PCO 2 and HCO 3 levels after using Venturi mask, CPAP mask was superior to venturi mask in avoiding the need of intubation, decreasing The ICU stay median length and also median length of hospitalization, all were lower in CPAP group than venture group. Also the mortality rate was lower in CPAP group than the venturi group. Conclusion: Using CPAP mask in severe AHRF following open heart surgery can avoid intubation, decreases the levels of tachypnea and arterial hypoxemia, decreases ICU stay, the length of hospitalization and also decreases the mortality rate compared with patients receiving high-concentration oxygen How to cite this paper:
Introduction
Cardiothoracic surgery is a common cause of acute respiratory failure and is associated with increased morbidity and mortality [1] . The reported incidence of postoperative respiratory complications ranges from 5% to 80%, depending on the patient population and the diagnostic criteria used to define complications [2] . Basal atelectasis is associated with decreased lung compliance, a higher incidence of infection, and prolonged hospital stay [3] . Under normal circumstances, tissue hypoxia occurs within 4 minutes of inadequate tissue oxygenation [4] . Several devices for oxygen delivery are available in critically ill patients, such as a high concentration reservoir mask, simple face mask, Venturi mask, and nasal cannula [5] . The Venturi mask is frequently used because it allows delivery of the predetermined fraction of inspired oxygen (FiO 2 ) [5] . The Venturi mask, as all the previously mentioned low-flow systems, provides oxygen at flow rates that are lower than patients' inspiratory demands; thus, when the patient's inspiratory flow exceeds the gas flow rate from the mask, room air is entrained. The final concentration of oxygen truly delivered to the patient can be lower than the set fraction of inspired oxygen (FiO 2 SET) and depends on the ventilatory demands of the patient [6] . When oxygen therapy is insufficient to correct hypoxemia, Non Invasive ventilation (NIV) is often used to avoid reintubation and improve Outcomes [7] . Several studies have been conducted to show the outcomes of NIV in Acute Hypoxemic Respiratory Failure in many groups of patients. Huang et al. 2017 [8] showed that compared with oxygen therapy, early respiratory support with NIV would significantly reduce mortality, intubation rate and length of intensive care unit (ICU) in immune compromised patients with acute respiratory failure (ARF). [9] stated that among immune compromised patients admitted to the intensive care unit with hypoxemic acute respiratory failure early noninvasive ventilation compared with oxygen therapy alone did not reduce 28-day mortality. However, study power was limited. There is no previous study comparing the use of venturi mask with noninvasive ventilation after open heart surgery. The aim of this study was to compare the outcomes of open heart surgery patients treated using oxygen delivery devices with patients who receive NIV as a first-line therapy for hypoxemic respiratory failure.
Patients and Methods
The study was done after approval of the ethical board of Banha University and Group I: consisted of 20 patients received NIV.
Group II: consisted of 20 patients received oxygen by venturi mask. Table 1 shows the Demographic data for studied groups. Mean age of patients was 55.31 ± 5.998 years, while 23 were male patients, 17 were female. Table 2 shows the Clinical characteristics for studied groups. Of the patients enrolled in the study, 6 were suffering from COPD, 33 had hypertension, and 11
had diabetes while 17 were smokers or ex-smokers.
An informed written consent was obtained from relatives of all patients before getting them involved in the study. The steps of the study, the aim of the work, the potential benefits and hazards were discussed with all the relatives. We excluded from our study, patients with Abnormalities that precluded proper fit of the interface (agitated or uncooperative patient), patients who have inability to protect the airway (excess secretions, stupors, or comatose patient), patients with medically unstable condition (e.g., hypotension, uncontrolled cardiac ischemia/arrhythmia), patients with facial trauma or burns, facial surgery, or facial anatomical abnormality), patients with body mass index (BMI) more than or equal to 35 patients with respiratory arrest with the need for immediate endotracheal intubation, patients have a primary respiratory disease and lastly Patients with multiple organ dysfunctions. All participants to the study were subjected to complete physical examination. For all patients the following parameters were performed: heart rate, systolic blood pressure, respiratory rate, body temperature, chest X-ray, Arterial blood gases, arterial potential hydrogen (pH), sodium bicarbonate (HCO 3 ), partial pressure of carbon dioxide (pacO 2 ), blood oxygen saturation (SpO 2 ) and partial pressure of oxygen to the fraction of inspired oxygen (PaO 2 )-to-FiO 2 ratio. All parameters were performed according to conventional methods used in Banha University Hospital Clinical Pathology Department.
All previous parameters were measured at the start of the study before using For that device we used a variable FIO 2 Venturi mask, which has a graded adjustment of the air entrainment port. We used different ports for each patient.
The least port giving FIO 2 that achieve SpO 2 > 92% was selected. The presence of air leaks, obstruction distal to the jet orifice, and occlusion of the exhalation Of the patients enrolled in the study, 6 were suffering from COPD, 33 had hypertension, and 11 had diabetes while 17 were smokers or ex-smokers.
ports were frequently assessed, and the patient was constantly encouraged and reassured. We avoid using aerosol devices with the venturi.
Applying NIV to 20 patients (NIV group)
The NIV was administered with the use of a portable noninvasive ventilator.
The detailed procedure of NIV was explained to the patient for improving com- 
End points
The primary outcome was NIV, or venturi failure, defined as the need for endotracheal intubation during the ICU stay. Generally, the following criteria indicated the need for tracheal intubation: inability to improve or stabilize gas ex- 
Statistical Analysis
Data was collected, coded, revised and entered to the Statistical Package for Social Science (IBM SPSS) version 20.
The data have been presented as numbers and percentages for qualitative data, mean, standard deviations and ranges for the quantitative data with parametric distribution and median with interquartile range (IQR) for the quantitative data with non-parametric distribution.
The Paired t-test was used in comparing the two groups having quantitative data with parametric distribution and Wilxon Rank test was used to compare the two groups having qualitative data with non-parametric distribution. The Independent t-test was used in the comparison between the two groups with quantitative data and parametric distribution and Mann-Whitney test was used in the comparison between two groups with quantitative data and non-parametric distribution [8] . Spearman correlation coefficients were used to assess the significant relation between two quantitative parameters in the same group [9] . The Chi-square test was used to compare two groups having qualitative data. The Fischer exact test was used also to compare two groups having low number of qualitative data. P value < 0.05 is considered to be significant, P = 0.051 -0.070 is considered to be borderline significant, P > 0.070 is considered non-significant.
Discussion
Respiratory complications are a major cause of post-operative morbidity after open-heart surgery [10] . During the evolution of severe acute hypoxemic respiratory failure (AHRF), patients may require intubation and mechanical ventilation as a life-support measure while concomitant treatments for the underlying disease are instituted. In these patients, however, invasive mechanical ventilation is associated with an important incidence of complications and mortality [11] . of stay in one study [12] . At the start of the study during hypoxia the blood pressure, heart rate and respiratory rate were high with a significant decrease in Mean Heart rate, Respiratory rate, Systolic and Diastolic blood pressure after treatment with CPAP and Venturi masks ( Figure 1, Figure 2 , Table 4 (Table 3) . The relationship between respiratory rate and both PaCO 2 level and PH is well known and it is due to Carbon dioxide emissions by rapid breathing, which will result in decrease PaCO 2 level which will increase PH resulting in respiratory alkalosis.
Also There was a negative significant correlation between heart rate and both PaO 2 and SO 2 levels (Table 3) . We mentioned this relationship before which was also discussed by Eugene 2000; Marshall, 1994; Reis et al. 1994 [13] [14] [15] , also a positive significant correlation between PaCO 2 level and white blood cell count and a negative significant correlation between PaCO 2 level and Diastolic blood pressure. For our knowledge this last two relationships were not mentioned in any study before. Also, we found a significant decrease in Mean Heart rate, Respiratory rate, and Systolic blood pressure after treatment with CPAP and Venturi masks ( Figure 1, Figure 2 , Table 4, Table 5 ), which reflected the improvement in patients' symptoms and their vital signs after using both CPAP and Venturi masks. Also, we found a significant decrease in Diastolic blood pressure after using CPAP but not Venturi mask. We could not identify why the diastolic blood pressure was reduced in CPAP group and did not decrease in Venturi group.
The previous improvement in vital signs is due to the beneficial effect of both CPAP and Venturi masks in treating hypoxia and improving gas exchange as we mentioned before "acute hypoxia, sensed by the peripheral and medullary chemoreceptors, is a powerful activator of the sympathetic nervous (Table 6, Table 7 , Figure 3 , Figure 4 ).
Ritesh et al. 2009 [19] stated that there was significant improvement in clinical and blood gas values with the use of NIV in cases of AHRF. Melvin et al. 1967 [20] also found increase in both PaO 2 and SpO 2 levels with venturi use. This was due to improvement in gas exchange as we mentioned before. Both PaCO 2 and HCO 3 levels showed a significant increase after using Venturi mask. The average rising in PaCO 2 was 2.55 mm Hg. Melvin et al. 1967 [20] was in agreement when he found that the average increase in PaCO 2 level was 2 mm and no patient had a rise greater than 7 mm Hg. Table 8, Table 9 and Figures 5-8 show the superiority of CPAP over venturi mask. While 13 patients from 20 improved on CPAP and 7 patients need invasive intubation (65% success rate) only 11 patients from 20 improve on Venturi and 9 patients need intubation (55% success rate). The superiority of CPAP over Venturi mask appeared again when we compared the length in ICU stay, duration of hospitalization and the mortality rate between the two groups. The ICU stay median length was 20 hours in the CPAP group vs. 26 hours in venturi group while the median duration of hospitalization was 11 days in the CPAP group vs. 15 days in the Venturi group. Also the mortality rate was higher in the Venturi group than CPAP group, while 4 patients of 20 died from Venturi group only two patients died from CPAP group. Ritesh et al. 2009 [19] were in agreement with our findings. These authors found that the application of the NIV is associated with an initial improvement in gas exchange, and its application can avoid intubation in almost 53% of patients with AHRF. Zhu et al. 2013 [21] also stated that Both reintubation and mortality rates decreased significantly with noninvasive ventilation in the single published randomized study after heart surgery; the frequency of reintubation decreased from 80.9% to 18.8%. Auriant et al. 2001 [21] stated that when noninvasive ventilation used to treat respiratory failure, the need for subsequent intubation ranges from 19% to 30%. The CPAP failure rate in our study was 35% (higher than Auriant et al. 2001 [22] ), this may be due to difference in modes selected. Virginie et al. 2015 [23] was one of the studies whose results were the closest to our results. In this study the proportion of patients requiring intubation was 38.2% in patients treated with noninvasive ventilation. Ferrer et al. 2003 [24] also were in agreement with our findings. These authors found that the use of NIV to avoid intubation in patients with severe AHRF decreased the need for intubation, and also decreased the levels of tachypnea and arterial hy- After Using CPAP mask, there were a significant decrease in mean heart rate, respiratory rate, systolic and diastolic blood pressures. In venturi group there were a significant decrease in mean heart rate, respiratory rate, and systolic blood pressures. No significant changes occurred in Diastolic blood pressure. Open Journal of Anesthesiology 
Conclusion
Using CPAP mask in severe AHRF following open heart surgery can avoid intubation, decreases the levels of tachypnea and arterial hypoxemia, decreases ICU stay, the length of hospitalization and also decreases the mortality rate compared with patients receiving high-concentration oxygen therapy with venturi mask.
Limitations
Our study has several limitations. First, we study only patients with AHRF after open heart surgery so this study could not apply for all of the patients having general anesthesia. Second, the retrospective nature of the study might 
